There are approximately 300,000 out-of-hospital cardiac arrests per year with less than 10% of those surviving. More than half of survivors suffer permanent neurologic deficits. Therapeutic hypothermia has proven effective at thwarting neurologic damage occurring in the 16-hour window following return of spontaneous circulation (ROSC). Despite recommendations by the American Heart Association (AHA), many cardiologists have been slow to implement therapeutic hypothermia. While many trials have discussed the relevance of initial rhythm and delay of cooling, there has been limited discussion of the efficacy of therapeutic hypothermia in the presence of extended pulselessness.
Introduction

Therapeutic Hypothermia Still Effective in Prevention of Anoxic Encephalopathy following Extended Period of Pulselessness during Cardiac Arrest resuscitation; Myocardial infarction
A 40-year-old male with past medical history of an ST-segment elevation myocardial infarction 8 years prior, presented with an out-ofhospital cardiac arrest. Cardiopulmonary resuscitation was immediately initiated. The patient remained in ventricular fibrillation for 50 minutes with only one episode of a momentary pulse prior to persistent ROSC.
Cardiac catheterization demonstrated 100% occlusion of the right coronary artery, which was unable to be revascularized. Numerous collateral branches were present and the ejection fraction was significantly reduced at 10%. An intra-aortic balloon pump was inserted; he was initiated on vasopressors and continued on therapeutic hypothermia. Following passive re-warming, he was found to be neurologically intact and continued to be without deficit both throughout his 7-week hospitalization and outpatient follow-up for 8
In this case, we describe the full neurologic recovery following cardiac arrest with essentially 50 minutes without a sustained pulse through the employment of therapeutic hypothermia. This report demonstrates the superior utility of therapeutic hypothermia even in the setting of extended-period pulselessness and its positive impact on both morbidity and mortality. The course of this patient's treatment further support the AHA recommendations and will be a useful adjunct to the current literature for determining treatment and prognosis in similar cases.
According to the American Heart Association (AHA), in 2013 the incidence of out-of-hospital cardiac arrest was 359,400, of which the overall survival rate was 9.5% [1] , with greater than 50% of those survivors suffering the sequelae permanent neurologic deficits [2] . Neurologic damage commonly occurs through a combination of absence of cerebral oxygenation during pulselessness and reperfusion injury following return of spontaneous circulation (ROSC) [3] .
In 2002, the Advanced Life Support (ALS) Task Force of the International Liaison Committee on Resuscitation (ILCOR) introduced the new recommendations regarding the use of therapeutic hypothermia following ROSC in the event of cardiac arrest [4] Based on the evidence from two landmark prospective randomized clinical trials, therapeutic hypothermia has proven effective in preventing crippling neurologic injury in the 16-hour window following ROSC [5, 6] , with 92% demonstrating a positive neurologic outcome [7] .
Many clinical trials have examined the effectiveness of therapeutic hypothermia on different parameters such as the initial rhythm during cardiac arrest, time delay after ROSC in initiating cooling, and length of time in hypothermic state [4, 7] . However, discussion regarding pulselessness and its effect on neurologic recovery through the use of therapeutic hypothermia is limited. Despite the overwhelming evidence supporting the superior effect of therapeutic hypothermia on mortality, many cardiologists are slow to implement its practice [7] .
In this case report, we describe the complete neurologic recovery following cardiac arrest with essentially 50 minutes without a sustained pulse through the utilization of therapeutic hypothermia.
Case Report
A 40-year-old male with past medical history of an ST-segment elevation myocardial infarction (STEMI) at the age of 32-yearsold with subsequent placement of two drug eluting stents (DES) to the right coronary artery (RCA) had a witnessed syncopal event in his home. Bystander cardiopulmonary resuscitation (CPR) was immediately initiated by family, alongside notification of emergency medical services (EMS). Paramedics found an initial rhythm of ventricular fibrillation (VF) and advanced cardiovascular life support (ACLS) was executed as he was transported to the emergency department. The patient remained in VF for 30 minutes prior to a momentary ROSC. CPR was continued as the patient's rhythm reverted to VF for another 20 minutes prior to persistent ROSC, resulting in a total of 50 minutes of CPR without a sustained pulse.
Immediately following persistent ROSC, the patient was initiated on therapeutic hypothermia and sent for cardiac catheterization. Within the left coronary system no significant coronary artery disease was found ( Figure 1a ). The RCA was 100% occluded proximally and unyielding to multiple attempts at passage of a guide wire for purposes of revascularization (Figure 1b ). There were numerous left to right collaterals of the left coronary system within the posterior descending artery (PDA) and posterior lateral branch (Figures 1c, 1d & 1e) . The ejection fraction was significantly reduced at 10% (Figure 2 ). Preliminary steps in temperature reduction included the use of external cooling packs and a cooling blanket in the process of being transferred for cardiac catheterization. Following angiographic evaluation of the coronary arteries, an Icy TM catheter was inserted and connected to a CoolGard TM system. The patient was cooled with intravenous fluids from 37 °C to 32 °C over a total period of 6-hours. An intra-aortic balloon pump (IABP) was also inserted and he was initiated on vasopressors. The patient was continued on therapeutic hypothermia and maintained at a core bladder temperature of 32 °C for 24-hours. Passive re-warming was achieved over a period of 6-hours at approximately 0.5 °C per hour. The CoolGard TM system remained connected to maintain the patient in normothermia for the subsequent 48-hours, however it was not required during this case. Follow-up evaluation confirmed the patient to be completely neurologically intact and continued to be without deficit both throughout his 7-week hospitalization and outpatient follow-up for 8 months.
Throughout his hospital course, the patient remained in critical condition with multiple complications. He became volumeoverloaded secondary to acute kidney failure with anuria and was treated with continuous veno-venous hemodialysis.. He acquired ventilator-associated pneumonia (VAP) with both Pseudomonas aeruginosa and methicillin-resistant Staphylococcus aureus and was treated with vancomycin and piperacillin-tazobactam. He remained on vasopressors for a week and had intermittent episodes of atrial fibrillation with rapid ventricular response. He was initially intubated and then subsequently received a tracheostomy for a total of 6 weeks. His kidneys recovered fully and the tracheostomy was successfully decannulated following resolution of VAP. Due to his continued arrhythmias in the presence of treatment with amiodarone coupled with his established severe ischemia cardiomyopathy, a dual chamber implantable cardioverter-defibrillator was inserted. The patient underwent physical therapy with cardiac rehabilitation and had a full neurologic recovery without sequelae.
Discussion
In 2013, there were more than half of a million cardiac arrests in the United States, 209,000 and 359,400, in-and out-of-hospital respectively [1] . Survival rates are quite dismal at 23.9% and 9.5%, in-and out-of-hospital respectively [1] . Permanent neurologic damage following survival has a high incidence at greater than 50% [2] . Neurologic damage occurs through multiple mechanisms. During cardiac arrest, there is a lack of oxygen, which results in a direct loss of adenosine tri-phosphate (ATP) causing elevated intracellular calcium thereby increasing free radicals. This in turn disrupts the energy-producing capability of the cell resulting in direct cell death [8] [9] [10] . Reperfusion injury following ROSC involves an inflammatory response resulting in the release of cytokines and creation of free radicals. Free radicals are enzymatically combined with the now-available oxygen forming reactive oxygen species, which directly damages cell components yielding cell death [11, 12] . Even with survival following cardiac arrest, returning to a pre-arrest functional state is improbable.
In 2002, two landmark prospective randomized clinical trials published their results effectively changing both morbidity and mortality following cardiac arrest [5, 6] . Based on these trials, the ALS Task Force of the ILCOR issued new recommendations regarding care and management following ROSC in the event of cardiac arrest [4] . In the European study, in the hypothermia group, the median time until ROSC was 21 minutes and the interquartile range was 17 -28 minutes [6] . Statistical analysis concluded for every additional 90 seconds until ROSC, there was a decrease in the likelihood of a good outcome (survival to hospital discharge and positive neurologic outcome based on cerebral performance category) by 14% [6] . Of note, in this study, bystander CPR did not alter the outcome [6] . In the Australian study, the mean time until ROSC was 26.5 minutes with a standard deviation of 12.9 minutes [5] . The majority of patients who experienced neurologic deficits died within 6 months after cardiac arrest [5] . Both studies demonstrated better neurologic outcome in the hypothermia group as compared to the normothermia group [5, 6] .
Since the new recommendations for therapeutic hypothermia have been released in 2002, multiple trials have been conducted to further examine the optimal parameters to put forth a protocol for enhanced neurologic outcome. In one such trial, the median time from arrest to ROSC was 22 minutes [7] . This study demonstrated a strong association between reduced time until ROSC and better chance for survival [7] . Further, only 36% of patients survived when the time until ROSC was greater than 30 minutes [7] . Of note, they also concluded that increased mortality was seen in cases of advanced age, asystole/pulseless electrical activity as initial rhythm, and cardiogenic shock [7] . However, only advanced age, and not initial rhythm or associated cardiogenic shock, was associated with permanent neurologic damage [7] . Similar to previous studies, delay of therapeutic hypothermia induction significantly impacted survival [7, [13] [14] [15] [16] . The risk of death escalated by 20% for every hour delay in initiation of cooling [7] . Still, overall, multiple trials have found a reduction in mortality by 35% through employment of therapeutic hypothermia [17] .
Despite the overwhelming evidence in favor of therapeutic hypothermia following cardiac arrest as a means of "minimizing morbidity and mortality, many cardiologists have been hesitant to implement it. Concern may be present with the practical utility of therapeutic hypothermia following extended downtime prior to ROSC. While many large-scale studies have indicated decreased benefit in response after greater than 30 minutes delay of ROSC, the current case report demonstrates that in fact both survival and full neurologic recovery can be achieved. Further, many studies have indicated that it is the postponement in initiating cooling that results in decreased efficacy of therapeutic hypothermia. In the present case, there was negligible delay time between ROSC and initiation of hypothermia. Another favorable factor for full neurologic recovery in this patient can be attributed to his younger age.
Conclusions
Multiple trials have been conducted to evaluate the impact of therapeutic hypothermia on cardiac arrest morbidity and mortality. These studies have found that shorter periods of pulselessness contributed to better outcomes. In the current case report, we demonstrate the full neurologic recovery following 50 minutes without a sustained pulse during cardiac arrest through the utility of therapeutic hypothermia. This case demonstrates that even with extended pulselessness, therapeutic hypothermia should be initiated rapidly and can still result in a favorable neurologic outcome. Therefore, the course of this patient's care is a useful adjunct to the current literature for management of similar cases in hopes of a favorable outcome.
